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(57) Abstract 

A method of expanding a tube of plastics material is disclosed i n which a longitudinally travelling tube (10) is progressively 
diametrically expanded by internal fluid pressure in an expansion zone (20) between an upstream plug (24) and an expandable downstream 
plug (26). Expansion of the tube is controlled in response to parameters which directly or indirectly indicate variation in the relative velocity 
at which material is delivered to and removed from the expansion zone, such as detecting upstream tube velocity (38), early expansion 
diameter (36), axial force (39) on a sizing device (28) or the tube diameter (41) just before the expansion zone. 
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CONTROL METHOD FOR THE MANUFACTURE OF ORIENTED PLASTICS TUBES 
BACKGROUND OF INVENTION 

This invention relates to the manufacture of oriented 
plastics tubes, and in particular to the manufacture 
of tubes having a high degree of orientation in the 
circumferential direction. 

International Patent Application No. WO 90/02644 
describes a process for the manufacture of 
thermoplastics tubes for example for unplasticised 
polyvinyl chloride (uPVC) which have a degree of 
orientation in the circumferential direction that 
improves properties such as resistance to hoop 
stresses, and renders the tubes particularly suitable 
for transmission of water. The process described in 
that patent application comprises: 

(i) extruding a tube of plastics material; 

(ii) temperature conditioning the extruded tube to 
bring it to a consistent temperature profile about the 
tube suitable for expansion of the tube to cause 
molecular orientation of the polymer, preferably to a 
temperature of 85-115°C for uPVC, more preferably 
90-100°C. 

(iii) diametrically expanding the tube by application 
of an internal pressure to the tube that is limited 
at its downstream end by a plug that is inflatable or 
otherwise expandable to maintain pressure within the 
expansion zone; and 

(iv) cooling the expanded tube to set the tube in 
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its diametrically expanded configuration. 

At the downstream end of the expansion zone the 
expanded tube passes through a circular passage in a 
sizing device which limits diametrical expansion of 
the tube to that which allows the expanded tube to 
slide through the sizing device. After the tube has 
passed through the expansion zone and while it is 
being cooled the tube may contract in diameter by a 
small amount, e.g. a few millimetres or less 
(so-called "snap-back" ) as the internal pressure is 
reduced, to give the tube its final, expanded, 
diameter . 

In the case of tubes that are intended to be used as 
water pipes, and which must therefore be joined 
end-to-end, it is necessary for the diameter of the 
expanded tube, and especially its external diameter, 
to be controlled in order that the tube will be able 
to fit accurately and tightly within a coupling device 
or within an additionally expanded end section of an 
adjacent tube so as to prevent leakage. We have 
found, however, that control of the expansion process 
using conventional feedback control, i.e. by measuring 
the final expanded diameter and wall thickness of the 
tube, does not control the properties of the resultant 
tube sufficiently accurately, nor allow stable 
operation of the process itself. 

SUMMARY OF INVENTION 

According to the present invention, there is provided 
a method of expanding a tube of plastics material in 
which a longitudinally travelling tube is 
progressively diametrically expanded by internal fluid 
pressure in an expansion zone between an upstream plug 
which fits closely within the bore of the 
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substantially unexpanded tube and a downstream plug 
which fits closely within the bore of the tube after 
the expansion step, wherein expansion of the tube is 
controlled in response to one or more parameters which 
directly or indirectly indicate variation in the 
relative velocity at which the material is delivered 
to and is removed from the expansion zone. 

Control of the process in response to changes in the 
relative velocities is preferably achieved by varying 
the fluid pressure in the expansion zone. In one 
preferred form, this is done by controlling leakage of 
the expansion fluid past the expandable downstream 
plug, by varying the diameter of the expandable plug. 
In the most preferred case in which the downstream 
plug is inflatable, the leakage is controlled by 
controlling the pressure of inflation fluid in the 
plug. 

The variation in relative velocity into and out of the 
expansion zone is preferably measured indirectly, and 
may be measured by any one or more of the following 
methods : 

(a) The absolute velocity of the unexpanded tube 
upstream of the expansion zone and the expanded tube 
downstream may be measured and compared. Preferably 
the upstream measurement is taken at a point 
substantially immediately before the expansion zone. 
This measurement will detect increases in expansion of 
the tube at the expansion zone as this will be 
accompanied by an increase in the velocity of material 
entering the expansion zone as the outward bulging 
will start to draw material from the upstream side of 
the upstream plug. In practice, the downstream 
velocity can be considered to be known with sufficient 
accuracy from the haul -off rate as no further stretch 
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occurs in the cooled section of pipe downstream of the 
expansion zone. Thus a reasonable approximation of 
the relative velocity can be determined by detecting 
the upstream velocity alone, and variations in the 
5 upstream velocity alone may be used as the control 
parameter as the haul-off rate is dictated by the 
downstream haul-off tractor and will not generally 
fluctuate other than due to deliberate change of the 
haul-off rate* 

10 

(b) The diameter of the partly expanded tube may be 
measured at a position within the expansion zone, 
preferably at a position less than about three times 
the pre-expansion tube diameter downstream of the 

15 upstream plug. This diameter reflects the precise 
configuration of the generally frusto-conical 
expansion region. For example, if the velocity of 
tube leaving the expansion zone reduces relative to 
the delivery to the expansion zone, the frusto-conical 

20 expansion region of the tube will bulge outwardly to 
some extent thereby increasing the measured diameter, 
while if velocity leaving the expansion zone increases 
relative to the delivery to the expansion zone, the 
frusto-conical expansion region will become more 

25 axially elongated and the measured diameter will 
decrease . 

(c) The force exerted by the expanded tube on the 
sizing device in the axial direction may be measured. 

30 In a first mode of operation the tube expands to fit 
the sizing device and exerts an axial force on the 
sizing device in the downstream direction due to its 
shearing against the internal surface of the sizing 
device. The magnitude of the axial force will depend 

35 on the axial length over which the expanded tube 
contacts the sizing device and/or on the radial 
pressure which it applies to the device so that 
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appropriate feedback control can maintain the point at 
which the tube first contacts the sizing device at the 
set point. In a second mode of operation, the tube is 
slightly overexpanded before being drawn down in 
5 diameter through the sizing sleeve. The axial force 
on the sizing sleeve will reflect both the deformation 
of the overexpanded tube to enter the sizing device 
and shearing against the inner surface. In either 
operative mode the measured force is related to the 
10 shape of the expansion zone, and thus to the relative 
velocities as described above. 

(d) The diameter of the unexpanded tube just prior to 
the expansion zone, for example less than about 10 

15 times the pre-expansion tube diameter upstream of the 
upstream plug, may be measured. This reading 
reflects the long term average in velocity entering 
the expansion zone, as too high an entry velocity 
over a period of time will cause material to be drawn 

20 from the pre-expansion zone, resulting in thinning of 
the tube material and reduction of diameter upstream 
of the expansion zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Further preferred embodiments shall now be described 
with reference to the accompanying drawings, in which: 

Figure 1 is a schematic view of the tube manufacture 
30 and expansion process; and 

Figures 2A and 2B are schematic details of the 
expanded tube entering the sizing sleeve in first and 
second operative modes respectively. 



WO 97/06940 



PCT/AU96/00S14 



-6- 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Figure 1, the plastic tube 10 is produced 
by extruder 12 and is set to correct diameter by a 
sizing device, such as a sizing sleeve 13, within a 
primary cooling spray tank 14, The tube 10 is hauled 
from the extruder by a first haul-off tractor 16. 

The tube 10 then proceeds to a temperature 
conditioning zone 18 , in which the tube is treated to 
attain a specific temperature profile uniformly around 
the tube wall, so that the subsequent expansion of the 
tube causes orientation of the polymer molecules 
principally in the circumferential direction, thus 
resulting in enhanced physical properties especially 
increased resistance to hoop stresses. The tube then 
enters an expansion zone 20 between a pair of plugs 24 
and 26 held inside the tube by a service tube 22 
connected back through the extruder head to a thrust 
restraint (not shown) ♦ 

The first plug 24 - the upstream plug relative to the 
direction of travel of the tube 10 - is sized to fit 
tightly within the unexpanded tube 10. A series of 
control wheels 25 surrounding the tube circumference 
push the tube tightly on to the plug 24 so that there 
is sufficient seal to maintain pressure in the 
expansion zone. The downstream plug 26 is inflatable 
so that its diameter can be changed from the 
unexpanded state to the expanded state in order to 
start the process. 

The plug 26 is preferably as described in our 
co-pending International Patent Application No. 
35 PCT/AU94/00784. The plug is inflated sufficiently to 
maintain pressure in the expansion zone while allowing 
some of the expansion fluid to flow past the plug and 



10 



15 



20 



25 



30 



WO 97/06940 



-7- 



PCT/AU96700514 



lubricate the plug within the moving tube. The 
service tube 22 has a pair of concentric tubes, one of 
which continues forward to carry inflation fluid, for 
example air, to the downstream plug 26 and the other 
supplying expansion fluid, preferably hot water, to 
the upstream plug, which then enters the expansion 
zone via outlets 27. 

Between the two plugs the plastic tube 10 undergoes 
expansion in the radial direction due to the internal 
pressure, without external restraint. Towards the 
downstream end of the expansion zone, there is 
provided a sizing sleeve 28 or other sizing device and 
a cooling spray tank 30 for setting the final diameter 
of the expanded tube 32. This is followed by a second 
haul-off tractor 34, which may be set at a higher 
speed than the first tractor if axial orientation of 
the tube is desired, and cutting equipment (not 
shown) . 

Figures 2A and 2B illustrate two modes of operation of 
the expansion and sizing part of the process. In the 
first mode, shown in Fig. 2A, the pressure held in the 
expansion zone behind the inflatable plug is less and 
the frustroconical shape of the expanding tube more 
gradual. The tube 10 expands gradually to first 
contact the sizing sleeve 28 at its entrance or at a 
point downstream. Adjustment of the pressure in the 
expansion zone by altering the plug inflation pressure 
will move the point of first contact between the tube 
and the sizing sleeve upstream or downstream. 

In the second mode, shown in Fig. 2B, the expansion 
pressure is sufficient to cause inflation of the tube 
slightly beyond the sizing sleeve diameter. The 
overexpanded tube is then drawn down to enter the 
sizing sleeve. 
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Providing the inflatable plug 26 is inflated 
sufficiently for the expanding tube to contact the 
sizing sleeve in either the two modes discussed above, 
the final outside diameter of the tube will primarily 
be determined by the sizing sleeve, except for some 
minor variations due to "snap-back" or some slight 
degree of creep between the sizing sleeve and the 
downstream plug. However, this is minimal as the 
cooling of the expanded tube to fix its diameter has 
commenced at that point. 



Hence, the exact degree of expansion of the inflatable 
plug has only a slight effect on the final diameter. 
Instead, the inventors have found that the effect of 
15 under- or over- inflation of the plug is to vary the 
velocities into and out of the expansion zone, and 
thus the amount of axial draw which is occurring in 
the expansion zone and stable running of the process 
line itself. 

20 

The average axial draw of the tube is fixed by ratios 
of the first and second haul-off tractors. Axial draw 
is introduced both in the expansion zone itself and in 
the pre-expansion zone between the first haul -off 16 

25 and the upstream plug. Essentially no axial draw is 
introduced after the expansion zone as the tube has 
been cooled. Thus, at any time the sum of the axial 
draw being introduced in the expansion and 
pre-expansion zones will be equal to the haul-off 

30 ratio and therefore constant. The inventors have 

found that it is important both to product consistency 
and the operation of the process itself to control how 
much of this occurs in each zone. 

35 a number of devices for measuring various parameters 

of the tube 10 before or during expansion are provided 
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for indicating the rate at which the tube material 
enters and leaves the expansion zone 20. 

Means 36 for measuring the diameter of the tube may be 
provided in the expansion zone, preferably located 
less than three tube diameters, more preferably less 
than one diameter, downstream from the upstream plug. 
The diameter of the tube at this early stage of 
expansion gives a surprisingly accurate correlation to 
the shape of the expansion zone and thus the relative 
velocities, yet provides the information soon enough 
for adequate control. 



Over-expansion of the tube may start to draw material 
15 from the upstream side of the upstream plug and hence 
velocity measurement means 38 located just upstream 
can provide information for process control. In 
addition, even slight discrepancies in the long term 
average of the relative velocity away from the set 
20 point can cause variation in the pre-expansion 
diameter which is measured by device 41. 

The forward thrust generated by the tube on the sizing 
device 28 may be measured by means 39 and used for 
25 process control, as this measurement is very sensitive 
to variations in the shape of the expansion zone. 

In addition to the above, the inventors have found 
that an important factor determining the expansion 
behaviour is the wall thickness of the extruded tube 
10, and that this measurement generated by wall 
thickness measuring apparatus 40 located before the 
expansion zone, is useful for feed-forward control of 
the process. 

An increase in wall thickness entering the expansion 
zone will cause narrowing of the cone as it is 
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stronger and so resists the expansion pressure. This 
in turn drags less upstream material into the 
expansion zone, reducing the upstream velocity and 
thus is partly self -correcting in terms of mass flow. 
5 However, the inventors have found that this changes 

the balance of the whole production line. The control 
system according to the invention detects this change 
in velocity in to the expansion zone (either directly 
or indirectly) and increases the expansion pressure. 
10 This reverses the dip in upstream velocity, even 
though this increases the mass flow further. 

The axial draw over the whole line is determined by 
the ratio of the two haul-off s and thus is constant. 
15 The invention controls how much of this occurs in the 
expansion zone and how much upstream. Virtually none 
occurs after the expanding tube leaves the sizing 
sleeve 28 as the tube has been fixed by cooling. 

20 in practice, the signals from the measuring devices 
36, 38, 39, 40 and 41 will be fed to a processor 42. 
If the signals indicate that the relativity between 
the velocities into and out of the expansion zone has 
deviated from the set point for the process, the 

25 processor will in turn control the inflation fluid 

supplied to the inflatable plug 26 through the service 
tube 22. Thus, for example, if early diameter 
detector 36 signals too high a reading or if the 
velocity measurement from 38 is more than a 

30 predetermined amount greater than the speed of the 

first tractor 16, pressure will be released from the 
inflatable plug. This in turn will reduce the 
pressure of expansion fluid retained behind the plug 
26, by allowing excess expansion fluid to escape past 

35 the inflatable plug. 

The inventors have discovered that the relationship 
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between the inflation pressure of the plug and 
pressure drop across the plug is predictable according 
to the following equation: 

P p = AP + P d 

where P p = Pressure applied to plug 

AP = Pressure differential across plug 

P d = Pressure to expand plug to diameter 

d without confinement (free expansion 
pressure) 

15 While control of the expansion by varying the plug 
pressure has been found by the inventors to be very 
convenient and is preferred, it will be appreciated 
that other control responses may be employed in 
addition or as alternatives • For example, the 

20 relative velocities into and out of the expansion zone 
can be controlled more directly by varying the 
haul-off rate at tractor 34 ♦ 

The detected properties are preferably used in 
25 combination for control of the process. For example, 
the thrust on the sizing sleeve and the wall thickness 
of the unexpanded tube may be used for coarse 
adjustment while fine adjustments may be made in 
response to variations in the linear velocity reading 
from 38 and the early expansion diameter measurement 
from 36 . A preferred method of combining use of the 
control parameters is to use variations in the sizing 
sleeve thrust measurement to vary the control set 
point for the early expansion diameter - 



30 



35 



While particular embodiments of this invention have 
been described, it will be evident to those skilled in 
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the art that the present invention may be embodied in 
other specific forms without departing from the 
essential characteristics thereof. The present 
embodiments and examples are therefore to be 
considered in all respects as illustrative and not 
restrictive, the scope of the invention being 
indicated by the appended claims rather than the 
foregoing description, and all changes which come 
within the meaning and range of equivalency of the 
claims are therefore intended to be embraced therein. 
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CLAIMS 

1. A method of expanding a tube of plastics material, 
in which a longitudinally travelling tube is 
progressively diametrically expanded by internal fluid 
pressure in an expansion zone between an upstream plug 

5 which fits closely within the bore of the 

substantially unexpanded tube and a downstream plug 
which fits closely within the bore of the tube after 
the expansion step, wherein expansion of the tube is 
controlled in response to one or more parameters which 
10 directly or indirectly indicate variation in the 

relative velocity at which the material is delivered 
to and is removed from the expansion zone. 

2. A method according to claim 1 wherein said 

15 parameter comprises a comparison of tube velocity 
upstream and downstream of the expansion zone. 

3. A method according to claim 1 wherein said 
parameter comprises velocity of the unexpanded tube 

20 entering the expansion zone. 

4. A method according to claim 1 wherein said 
parameter comprises the diameter of the partly 
expanded tube at a point in the expansion zone less 

25 than three pre-expansion tube diameters downstream of 
the upstream plug. 

5. A method according to claim 4 wherein said point 
is less than one pre-expansion tube diameter 

30 downstream from the upstream plug. 



6. A method according to claim 1 wherein said 
parameter is axial force applied by the expanding tube 
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on a sizing device. 

7. A method according to claim 1 wherein said 
expansion is controlled by varying the internal fluid 
pressure in the expansion zone. 

8. A method according to claim 7 wherein said 
expansion is controlled by controlling leakage of 
fluid from the expansion zone past the downstream 
plug. 

9. A method according to claim 8 wherein said 
downstream plug is inflatable by internal fluid 
pressure of an inflation fluid within the downstream 
plug, and said leakage is controlled by varying the 
pressure of said inflation fluid. 
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SUBSTITUTE SHEET (Rule 26) 
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FIG.2.B 



SUBSTITUTE SHEET (Role 26) 
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